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SUMMARY

An altitude-error display for height-finder radar has been developed on the HP9000
- 500-series computer. The display looks like an ordinary ray-trace display except the color
of the rays are dependent on the height difference, as compared to a standard atmosphere
for the same elevation angle and range.

CONCLUSIONS

Since this effort only considered alternate displays of well-established ray-tracing
theory, no attempt was made to validate the accuracy of any of the resulting displays.

RECOMMENDATION

The altitude-error displays reported here should be incorporated into the coverage
diagram of the Integrated Refractive Effects Prediction System (IREPS).
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() INTRODUCTION

Strong ducting conditions occur over many ocean areas. These conditions affect
height-finder radars (such as the SPS-48) in giving accurate target positions. Most height-
finder radars calculate altitude based on a standard atmosphere. When ducting conditions
are present, large errors can occur between the calculated and the true target height, depend-
ing on the transmitter height and the target range. In many cases, these errors are greater
than 50 percent. A height-finder radar altitude-error display has been developed to show
the amount of error present. The display looks like an ordinary ray-trace display, except
the color of the rays are dependent on the height difference, as compared to a standard
atmosphere for the same elevation angle and range.

BACKGROUND

The atmosphere is considered to consist of vertical layers, each with a certain gradi-
ent of the index of refraction. The layers are assumed to be horizontally homogeneous.
Each profile consists of at least two layers. Each layer is associated with a height, H(i), and
modified refractivity or M-unit value, M(i). Modified refractivity, M, is related to the index
of refraction, n, by

M= i,-I + • 106

where a is the mean eirth's radius, and z is the height above the earth's surface.

A ray path under standard atmospheric conditions will bend downward at a rate less
than the curvature of the earth, so to an observer stationed on the earth's surface, the ray
will appear to bend upward. A trapped ray is one that, because of a trapping layer, will
bend downward at a rate exceeding the curvature of the earth. A trapping layer can be very
easily identified by a negative M-gradient. Examples of profiles that represent a surface-
based duct and an elevated duct are shown in figure 1. Two other typesof refraction that
describe the relation between modified refractivity and height are subrefraction and super-
refraction. A subrefractive profile wili cause rays to be bent less than the normal or stan-
dard, while a superrefractive profile bends rays at s rate exceeding the nonrmal but not
enough to cause trapping.

The gradient, Dindh, is the change in M-units with respect to the change lit height
and is deflned as

Dmdh~i M(i + I) - ýL(i)l 0-
+ 10-

Table I shows the relation between the M-gradient and the different types of refraction.
Figure 2 gives a clear picture of the relative bending among the different types.

An individual ray trace begins with an elevation aurle tOecified at the source height,
Ht, and consists of a series of calculations to determine e'; -' .',• ikb, me a specifled range or
range at a specified height. All calculations can be described by one of thc following ;vi
cascs The variables are defined as



ELEVATED

A DUCT
T TSURFACE-

DASED
SI DUCT

-T PTRAPPING
LELAYER

MODIFIED REFRACTIVITY M MODIFIED REFRACTIVITY M

Figure 1. Exarnples of elevated and surwiamebid ducts from elevated loyers.

T]able 1. 'lte rehltion between M-gardient and the
diffemeit tyts.e of refraction.

Types of Reftection M.(hadient

Trappg < m 0 M/kr

< a 0 Mlkft

Supeulefractive 0 to 79 Ik/m
0 to 24 MMkft

Standatd 79 to 157 Mlkm

24 to 48 MMt

Subticfrariv > 157 Mlkat

48 M/kft



"OA SUPER REFRACTION

TRAPPING

Figure 2. Relative betiding for the four types of refraction.

(x = elevation angle at beginning of calculation (rad)
a' = elevation angle at end of calculation (rad)

It = height ot beginning of calculation (in)

It' 2 height at end of calculation (in)
r = range at beginning of calculation (kin)
r' tange at end of calculation (kin)

C"s I: > 0, It' known (figure 3)

a'= 2 02Om inadl(i)(h'-Ih) i H(1) <h h iI(i + I)

Dindh(i)

If tie .-ource is in a duct, trapping may occur for some initial elevation arges. In this case,
the rmdicand for a' bocines negative, and h' reaches a maximum height. For t;sexample,

a~wa

r, r- - ,and
Dindh(i)

2" 10-I3 DnIdh(i)
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aH
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h'

H1

Figure 3. Ray trace variables for Cc> 0.

Case 2: a > 0, r' known (figure 3 applies)

cx' =o+ Dmdh(i)(r'-r) . ifh<I1(i+ l).

h = h + . .. .... - 02

2 . 10-3 Dmdh(i)

Cawe 3: a < 0. h' known (figure 4)

V'a- + 2 1o- 3 Ds"ndhi) (,' - h). if H(O + 1) > I > •, 110).

'r+

A ray that is initially downgoing may eventually bccom-,4 upgoung as at iucteaSCS. The rmy
reaches a minitnum heigllt. and in this ca., the radicand for a• bc~oi1es negative, Ibe1refore,

•'0 .

r• ml" of

I);dh(i)

h'=It - ". ..

2 * 10-3 lhudh(i)

Case 4: a < 0, r' known (figure 4'applies)

az =( + Dmsdh0i) (r' - r) . if' h' > 1H(i).

4
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h
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r
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Figure 4. Ray trace variables for a < 0.

2 10-3O D dh(i)

Case 5: a = 0

If Dnidh(i) ', 0, use Case I or Case 2 as appropriate.

If Dmdh(i) < 0, use Caus 3 or Case 4 as appropriate.

Cam. 6; A ray -launched at the inflection pobit (figure 5) with a (0 will stay at that height.

PROGRAM

"111e program plots height vs. range for each ray, Reflected rays are not traced. Elach
ray is drawn in several colors, depending on the error scale chosen by the u.xr.

Initially, there are four options available to the uwr: (I) delete data file,(- )add data
file,3 )edit data file, and(4 )run the program for a display. If option 4 is picked, a list of
availatle data fWies will appeat on the screen. After a data Mile has been I choe, there are
several parameters the user must enter into the program:I . Maximum height for the display in feet or meter.

2. Maximum range for the display in nautical miles or kilometers.

3. Antemna height in feet or meters.

4. Lower elevation angle. Lower angular lhnit in milliradians.

S. Upper elevation angle. Upper angular limit in milfiradians.

6. Number of rays. This is the nunbc" of rays to bc traced.

5
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A

MODIFIED REFRACTIVITY. M--

Figure S. Breakpoint at A.

7. Error scale. T1he height-error scale can be an absolute- or pvrcent-error soale-,
indicated by entering "A" or 'T'. The default is "A".

8. Error increment. This value determines the scale by which the colors are de-
fined. If using an absolute-mror scale, the error incremient is entered in feet or mieters.

Nornal output for the display is the scroii, but a hanrlcopy print can be wlecd.

Ontc the data has been read from tile selectod rile, the program performs a linear
extrapolation to find the Ni-unit value at the -surface and at thle maximnum plot height, If
necevzary. These values are added to the h;eight and M-unit arrays ald the gradients (Dhndh)
arc then calculatedO The Initial launch atiglcs, calculatod from tile. lower elevation angle,
thle upper elevation algle. anld thle numober of raysi, arV atro put into anl array.

"The1 ray trace is twrfonned by range ilcrennts ( 1150th of tile Inaxintuin plot range)
i.e.. beginlnllg with the inilial launch :lnl aid anuteonna height, a inew angle and height are
calculated to a specified rangec, plotted. the range is inctscsuented. the next angle and height
are calculated, plotted, and so forth until tile ,aximunt height or maxinusn range llas been
reached. As eachl nww angle is calctulatcd, the program will branch to tie appropriate caw
(as discussed in thle pre-vious setion.). With each itew lieigh caku(At the pfrora-m Will
trace a ray to the -a we range usinsg the saute ihitial launchi angle for a standard abuooplere.
The diffCrence betweenf tile two heights gives the height error, anl the ray will be dr wml in
thle appropriate color.

If the antenna height is at a bteakpoint whern DImdh is positive beneath the point
and negative above, the program will calculate through an infinite numllber of tiaxilnilul atd
mlinimtumsi for sufficiently s*¶tall initial launch anigles. res-ultingp in a Complete halt of thlt
program. Alo, be.cau.s of the dot-matrix screen, Some height incremnlcts simay be too sinall
to be noticed in plotting, and what the prognmn calculates as otaxihmums and muinbiu.ms
imay look like, a straighit linle across thle screen. 17herefore, a re-st iction on% the initial launchi
angles is made. Dependuing on the asgular limits used. the program will not allow tracts of

"To avoid LLudh appitoadia zero, a value of It(k-6 was uasgd to Dmnuh if it fe.d in the regloa -10c-6
<Dindh <C W4-.
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rays launched within a certain angle above and below the horizontal. A single horizontal
ray trajectory is drawn for launch angles within this range and the next greater angle in the
launch angle array is selected upon completion of this ray path.

SAMPLE DISPLAYS

Figure 6 shows a htght-finder radar altitude-error display for an elevated duct.
Figure 7 shows two ray-trace disp!ays, one for a standard atmosphere (black rays) and one
for the same elevated duct (red rays). "fh; height difference calculated for a specific range
between the two sets of rays is shown. The middle ray, launched at zero radians, is refrac-
ted the most and therefore produces the most error. This can also be seen in figure 6 where
the red area (for the shortest range) is associated with rays launched near zero radians.

The program does not distinguish between height difference above or below the
standard. For instance, at a height of 10,000 feet and a range of 100 miles, one may get an
error of 1000 feet, which could be 1000 feet above the standard or 1000 feet below the
standard. As can be seen in figure 8, the ray at -10 mrad bends above the standard then
crosses over to bend below (rays in standard atmosphere are in black). Again, the middle
ray at zero radians gives the highest error. TDe error display is shown in figure 9. The
error display for the same profile using 200 rays is shown in figure 10. In displays such as
this, one can see rays increasing in height error (as well as height and range), thon starting to
decreasc in error. Figure 8 shows why this is so.

Anotli example of this type of display is shown in figure 1 with the corr-espnd-
iog ray trace, shown in figure 12. In figure 11, the first ray is reflected auid therefore, not
tracel. From the third ray on, the rays bend toward tlhe standard to produce a dcese in
lhight ertor. The "full'" error display oiilg 200 rays) it sihown in figure 13.

Alihough the error displays arc meant to be used for qurfaoc height-finder radars.
fitgu•e• 6 and 10 (are displays for airbxac hewlhtiNer radars and aUr shown only for
demnonst rat on purposes.

I
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CONCLUSIONS

A height-finder radar altitude-error display has been developed on the HP9000 -
500-series computer based on traditional ray-tracing concepts. This display shows altitude
error compared to a standard atmosphere using a color scale superimposed on a traditional
altitude-versus-range ray trace for arbitrary, piecewise, linear refractivity-versus-altitude
profiles. Since this effort only considered alternate displays of well-established ray-tracing
theory, no attempt was made to validate the accuracy of any of the resulting displays.

RECOMMENDATION

The altitude-error displays reported here should be incorporated into the coverage
diagram of the Integrated Refractive Effects Prediction System (IREPS).
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Oct 01 08:34 1986 /ta/molly/starray.dr/errvar -- printed on Oct 01 1986 Page

1:c ********Variables used in program *e*s*~~e~ee
2:c
3:c dadh: 35 element array containing the gradients of the
4:c profile.
5:c erropt: Character string indicating if absolute ('a' or 'A')
6:c or percent ('p' or 'P') for color scale was chosen.
7:c aber: Absolute error increment in meters.
8:c per: Percent error increment.
9:c fildes: File descriptor for starbase graphics routine.
10:c index: Integer indicating color to be used for plotting
11:c (1-7).
12:c m#fl: Logical Flag indicating when to move to the next
13:c height-range point for plotting onto hardcopy when
14:c changing pen colors.
IS:c ht: Antenna height in meters.
16:c hoax: Maximum height for plot display in meters.
17:c rmax: Maximum range for plot display in kilometers.
18:c orh: 33 element array containing heights of the original
19:c profile.
?0:C orm: 33 element array containing m-units of the original
el:c profile.
?2:c h: 35 element array containing heights of the new
23:c profile.
24:c is' Counter indicating what color iS currently being used
eS:c for hardcopy plotting.
26:c plot: Logical flag indicating if plotting onto hardcopy,
P.7:c (T-plot,F-donlt plot).

28-c name: Character string containing the data filename to be
29:c road,
30tc nlyl-, Number of now level* after extrapolation to the
3týc surface and maximum height.
32,c ilul. Number Ot levels in the originol profit*.

33:t lk 33 element array containing o-units of the new
34:c profile.
3s:c f7: Character string indicating it *AUTOOUMPI is %et to on
36:t or off,
31:c angle. Array containg initial elevation angles (300 maztius).
38:c hun. Character string indicating what height units the
39:c profile was stored in.
40:c raun: Character String indicating if refractivity value%
41:c were stored in &-units or ti-units.
44:c frstime: Logical flag indicating first height-range point
43:c calculated for neo ray.
44:c iOr: Starting range for hardcopy plotting.
4S:c sOhr STarting height for hardcopy plotting.
46:C fretl Logical flag indicating first storage of height-range
47:c point for interpolation between color transitions,
48:C iproprint: Integer indicating type of profile printout for
49:c hardcopy; l-graph, a-number.
50:c twice: Logical flag indicating if program has been run at
S5:c least once.

53: common/errvar/dsdh(35),erropt,aber,per, fildes,index,mvfl,
54 *htshmax,rmaxrinc,orh(33),ormi33),hi3S),im.plot,name,
S51 *nlvlilv|,s.f7,angle(300).hunreunofrotiseosor.soh,frst,

56: +*pro.Print,twice

A-3



Oct 01 08134 1986 /ta/molly/starray.dr/errvar -- printed on Oct 01 1986 Page 8

57: integer*4 fildos~index
58: real mC35)
59: character*3 f7
60: character*1 erropthun~reun
61: character*14 name
62: logical mvfl,plot~frstime*frst0logicaltwice

A4



Oct 01 08:20 1986 /ta/molly/starray.dr/hferr.f -- printed on Oct 01 1986 Pago

1:c * ,e***********¢* PROGRAM HFERR e**e*.*,****.*.***..*,**
2:c
3:c Purpose: This is the main program that will begin all procedures
4:c for ray tracing.
S:c
6:c Glossary:
7-c opst Character string indicating if the 'option' or
8:c 'backup* key was hit.
9:c outSt Character string variable.

I0:c optn Real value of option number chosen by user.
11:c ioptn Integer value of option number chosen by user.
12:c flag Logical flag indicating if the user has gone
13:c through the edit routine.
14:c profile Array containing all data filenames.
1S:C ifil Number of date filenames in profile.
t6:c rpick Real value of number of environmental data file
17-c chosen.
18:c ipick Integer value of number of environmental data file
19:c chosen.
20•c rlouea Lower elevation angle in mrad.
21:c upea Upper elevation angle in mred.
22:c rplot Number of rays to be plotted.
23:c irplot Integer value of number of rays to be plotted.
24:C2S: c *ee**a******.eeeeas***eee*e**e*ees*ete*Seeo*********e****eeee*t*

27: progvas hforr
28, include t/usr/lnclude/starbaee.fl.hI
a9: include 1/usr/lnclude/starbase.fZ.h'
30:0INCLUDE 'errvar'
31: charact#er* fun
3. charactor*8 opst.kgt
331 characters14 profIletSO)
34: chlracter*I| d-ptr-
35: chirattteor O dusaysoutst
36: integ#r*4 stotUe
37Z loqgial fl#gductu*_fI.a
38: ir*S
39: iw,6
40: Call kyinit(iriu,IS)
41: twicmeuallse.
42: usjflag.talse.
43t ipro.pritntO
44:c
4Szc 0*.oeoe.e* Clear alphanumtrics screen and write options list. ,,,e.
46:c
47: 10 call kyCrsor(0,0,-I)
48. write(iw,'( -- Delete an #nvironatntal data f!1*0)1)
49: wr tell,,'(02 -- Add an environsental data file*)*)
SO: write(i,(3 -- Edit an environmental data file=)')
SI: write(iw,'1'4 -- Altitude Error Diosplay')')
Se. ir(tutce) Write(lw,'("S -- Display foe *ase profile*)')

S4-- call kyenterloption nuaber (or 'end') 0,0...S.,-1..optnopst)
SS! itf(opst.eq'tbackop').or.(opat.Cq.'option')) goto I0
S6: writeltuig )
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67: ioptn-nint(optn)
SB: if(ioptn.eq.4) twice-,false.
59: if(option.eq.-1)opst='end'
60: if((opst.eq.'end').or.topst.eq.'ENDI)) then
61: goto 20
62: else
63: if(.not.twice) call renew
64: end if
6S: 30 Flag-.false.
66: if((ioptn.eq.1).or.(loptneq.2).or.(ioptn.eq.3f) then
67: call edit(ioptn,opstflag,iw)
68: if((opst.eq.'option').or.(opst.eq.'backup')) goto 10
69: end if
70: if(flag) goto 10
71: if(ioptn.eq.S) then
72: us flagm,true.
73 call putin(rlruirplot,filvar.fun)
74: goto IS
7S: end if

76:c
77:c o List existing environmental date files, .o.eeeeee
78 c
19 call lsfiles('.prof',profiletfil)
80s iftifil~eq.0) then
81. uite(iuw'(atP)charM7)
8R call kystent(w0* No data files exist. Press IRETURN' to create
83 * new file. - ¾outstopst)
84 gttt op1t0eq'backupl)ot.(Opet~eqopttonl) gore 10

86' goto 30
$j: end It

89 C *fl eed o eBegin writing prompt string* for user input. :;:

91-~C
9E 40 call kVenter(*nueber of environsenal dax* file w.O.Iroaliffl).
93 +O.,roickOpst)
94. l1(opet,eq.'backup*),or,(oppt.e q,'option*)) goto 10
05 ipick-nintftpick)
96 nase-~profile(lpick)

9W SO call kyenter(*eaxiaue height for dispiay',1l.,50000..0,hsaE.
99. *opst)

100too. opst.eq,'backup') got* 40
lOt. iftopst.eq,'Option') goto 10

o10: writeotut)
103: 60 cal; byentertseatimum range for displ*yZ,2O0,,t000,0.,rsa*,
104: *opstl
10S if(opsI.eq 'baCkup') goto SO
106. iftopst.eq.'option') gore 10
107, uriteliw,0)
108. 70 call ky*nterl(antenna height',ll..SO00,,0..ht,opqt)
IM9. Mffopst.eq.'backup') goto 60
110: ittopst.eq *Option') got* 10
lI uritev(iw,#)
112 80 call kyenter('lower elevation angle in mrad*,O,-t0O..lO0.,lOl.,rl.
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113: +Opst)
114: if(opst.eq.'backup') goto 70
115: if(opst.eq.'option:) goto 10
116: write(iw,*)
117: 90 call kyenter("uppir elevation angle in mrad".O,-100.,100.,101.,ru,
118: +opst)
119: if(opst.eq.'backup') govo 80
120: if(opst.eq.'option') goto 10
1211: write(iw,*)
122: 100 call kyenter("numb*r of rays to be piotted",0,1.,300.,0.,rplot,
123: + opst)
124: if(opst.eq.'backup') goto 90
125*: if(opst.eq.'option') goto 10
126: irploT=nint(rplot)
127: write(iw,*)
128: 110 call kystent("A or P for absolute or percent error",0,'A,a,P,p',
129: +'a',erropt,opst)
130: ii(opst.eq.'backup') goto 100
131: if(opst.eq.'option') goto 10
132: write(iw,*)
133: if((erropt.eq.'a').or.(erropt.eq.'A')) then
134: 120 call kyenter("number for error increment",1,1.,S000.,0.,aber,
135: +opst)
136: if(opst.eq.'backup') goto 110
137: if(opst.eq.'option') goto 10
138: write(iw,*)
139: else
140: 130 call kyenter("percont error increment"O,1.,,2O.,S.operopvt)
141: if(opst.f.,..'backup') goto 110

142: if(opst.eq.'option') goto 10
143: writeliw,*)
144: end if
145: call roi.dda(ipickprofilehun,reun)
146: 15 call kyread(7,f7)

i40:- C******'s* Call INITIAL to set up arrays and variables used in
149:c the ray tracing subroutines. **,*** *O************e**,*
150:c
Is;; call initial(rl,ru,irplot,ductforbid)
152:c
153:c ********** Call GRAPH to initialize graphics sreen and draw oxes
154:c for plotting. *=*.*s*e*.*********¢4*eb.e*...*.**.ee...*e.

156: call kyread(6,kgt)
1S7: - if(iproprint.eq.2).or.(iproprint.eq.i)) kgto'on'
158: if(kgt.eq.'off') then
159: plot=.falso.
160: else if(kgt.eq.'on') then
161: plotu~true.
162!: if((iproprint.iie.1).and.(iproprint.ne.2)) then
163: call kventer("profile printout: I - graph ; 2 numborsO,
164: + 0,1.,2.,1.,pr:_prfntopst)
165: iproprintnntc(p.oprlnt)
166: end if
IS7: end if
168: 2S call graph(rl,ru,irplot)
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169:c
170:c *********' Start of main calculations. * *~

171:C
17ý: call actapp(irplotduct,forbid)
173: writ*e(iw,*)
174: c
1's. c ***********,***** Begin dump.
176:c
177: statusugelose(fildes)
178: twice*.true.
179: if(plot) goto 10
180: call kystent("Preuu "AJIODUMP-ON' and 'RETURN' for hardcopyO,
131. +-I,1*1,1 ',OU Stst opstl

182: if(opst.eq.'option') goto 10
183: call kyread(6,kgt)
184: U(kgt.eq.'on') then
IS: call kyenter("profile printout: 1 - graph ; 2 - nubtbrsO,
186: + 0,1. ,. I ,proprint ,opt)
187: if(opst.eq.'option') goto 10
188: iproprInt=nint(proprint)
I189; piotc.,trut.

S190: goTO asS~~191: •s

192: g9to 10
193: end If
194: 20 continue
195: ifMusFlag) call system(Irs usIn')
196: call tytera
197: end
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I:c ***ee*e*s**eee****e* SUBROUTINE ACTAPP *********************
2:c
3:c Purpose: This begins the main locp of the program. It checks for
4:c the transmitter height level and begins the ray-tracing
S:c subroutines.
6:c
7:c Glossary:
8:c
9--c duct Logical flag indicating if the transmitter height is

10:c at a break point.
11:c irays Number of Pays to be used in plotting.
12:c

14:c
IS: subroutini actapprirayslductforbid)
16:$INCLUDE 'errvar'
17: logical duct
18:c
19:c *****e* Check what level the transmitter height is at. ******e*****
20:c
a1: do ixal,nlvl
22: if((h(ix).le.ht),and.(ht.le.h(ix.l))) goto 40
23: end do
24: 40 continue
25:c
26:c **e*e*.*e*.,*e.. Begin main loop. **** *ee*******sse..ee****e..
27:c
281 im:
29 if(plot) then
301 call seven(lraysductiforbideix)
31: *lse
321 call regular(trays,duct,forbidix)
33: end if
34i return
3S : end
36:c
37-c oe**oe.5eeeeee SUBROUTINE STAND e*eeseeeeeeeee**oe*#*e
38C
39:c Purpose: This routine performs a ray trace for a standard atmoo-
40:c phere. It begins at the transmittir height and traces
41;c to the specified range given by the current non-standard
42:c atmosphere being used with the same initial elevation
43:c angle.
44:c
4S:c Glossary:I 46:c he Height traced to at range rp,
47:c hdif Difference in height between the ray traced in a stan-S"46tc dird atmosphere and that traced in a non-viendord itmOI-

4Sac phere at the east range.

53: subroutine stand(fitangrphp)
54:4INCLUDE Ierryar'
SS: rfarp
56: rbef-O.
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57: hbefuht
58: alpha-fixang
59:c
60:c ****e*e**** Begin trace for down-going rays..**¢*** *******
61:c
62; if(alpha.It.0.) then
63: alphap-alpha4t.18&-4*rf
64: if(alphap~ge.0.) then
6s: alphap0O.
66: rangeurbef-alpha/l.189-4
67: h*-hbef-alpha.**/2.36e-7
68: alpha-alphap
69: hbefahs
70: rbeofrange
71: goto 10
72: end if
73: hsahbef+(elphap*e2-alpha**2)/2.36e-7
74:c
7S.c ******* 'I the height is negative, then ray is reflected. ********
76:c
77: if(hs.t.0.) then
78: alphapu-SQRT(alphae*2+2.36e-?7(-hbef))
79: rangewrbef+(alphap-alpha)/1.18e-4
80: alphopm-alphap
81: alphawalphap
82: rbefurange
83: hbefmO.
84. got* 10
85: end iF
86: goto 20
8M: end if
68:c
8-9:c e.C*.e.*** Begin trace for up-Voing rays. ****S4*CS*********4**

90:c
91:10 if(alpha.ge.0.) then
92: alphmpualpha*.1.I8-4e(rf-rbef)
93t hswhbef+(alphapee•-alphae.,)/2.36e-7
94: end if
9s: 20 continue
96: hditaADS~hp-he)
97:c
98.C *........... Calling routine to determine color according to error
99:c increment scale. *e*eeeeoeeoeeeeoegoeoeeoee*eeeeeeeeeeoe**ee

100:c
~t0: rng-0.
102: hytmO.
103:c
104: call interpol(hdif,rp.hp,rnghyt,hs)
lOS: frstu.false.
106: if(plot) then
107: call stepfixplt(hdif,hs.rphprng,hVt)
108: else
109: call etepflecr(hdif.hs,Pp,hprng,hyt)
110: end if
III; return
11i: end
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I:c **************s** SUBROUTINE DOWN ***************************
2:C
3:c Purpose: This routino performs a ray trace for down-going rays.
4:c
S:c Glossary:
6:C
7:c rbef Range before calculation.
8:C rp Range after calculation.
9:C rinc Range increment.

10:c hbef Height before calculation.
11:c hp Height after calculation.
12:c ij Height level counter.
13:c alpha Angle before calculation.
14:c alphap Angle after calculation.
1S:c1l6: c ***4***********w*****w**w*********************w******w***********w***w*

17:c
18:$OPTION ONEYRIP
19: subroutine down(alpha~hbef~ijrbef,rphpfixang)
20: include '/usr/include/starbaso,fl.h'
21: include '/usr/include/starbase.f2.h'
22:$INCLUDE 'errver°
23:c
24:c ****e***w** Begin loop to trace from transmitter height to the
25:c first level or until a minimum has been reached. *C*...**w,**o***
26-c
27: do uhilo((ijge.!).and.(alpha.leO.))
28: rporbef+rinc
M if(rp.geormax) goto 10

30: alphap-alph&+dmdh(ij)*(rp-rbef)
31:;c
32:c **ewe', If the new angle calculated is positive then a minimum
33:c has been reached. ALPHAP is Set to 0. **a******seaee*** ..**.*****
34:t
35: if(alphapge.O.) then
36, alphap-O.
37, rpwrbef-a1pha/dedhtij)
38: hpwhbef-#lph4,0s/2.e-3/dmdhtlj)
39: end if
40ý hpuhbef.(alphap..2-alphae.8)/e.e-3/dadh(ij)
41: if(hp.lt.h(lj)) then
42: hpfh(ij)
43: radualpha**Ze2.e-3*dmdh(ij)*thp-hbef)

* 44:c

4S:C *,*e***e If RAO is negative then a minimum hat been reached.
46:c ALPHAP to set to 0. Ooooe **5Oooo t*ee*.*ee**.eCee*4*O*C
47:C
48: if(rad.lo.0.) then
49t zalphap&0.
!50 rporbef-alpha/dmdh(ij)
51: hpshbef-alphae.8/2.e-3/dmdh(1J)
et *elIs

531 alphap--SORT(rad)
54: rpMrbef,(alphap-alpha)/dmdh(lj)
55: end if
56: ij=ij-I
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57: end if58 : c

59:c **.*****s Once a specific height and range have been calculated
60:c subroutine STAND is called to calculate the height at the same range
61:c RP for a standard atmosphere. ********************e e********e*
62: c
63: if(rp.ge.rmax) goto 10
64: call stand(fixangarphp)
65: rbefurp
66: hbefwhp
67: alphonalphap
68: if(alpha.eq.0.) goto 10
69: end do
70: if(ij.eq.0.) goto 30
71:c
72:c **ee*es, Trace to exactly the maximum range. *eeee***e**e*
73:c
74: 10 iftrp.ge.rmax) then
75: rpmrsax
76: alphapwalpha&dmdh(ij)*(rp-rbef)
77: hpahbef.(alphap**R-alpha&e2)/a*.-3/dmdh(1j)

78: call stand(fixangrphp)
79: end if
D0: 30 return
81:, end
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1-:c ******************* SUBROUTINE EDIT *************************

3:€c This subroutine performs all the editing operations of the program
4:c
5: subroutine edit(ioptn,opst,flag,iw)
6: character*8 opst,outst
7: cheracter*14 filena(50),dumname
8: character*80 dum
9: logical flag

10: flag-,true.
11:C
12:c **es***b** Specified files are deleted or put into the vi
13:c editor for editing. ****************4*******************
14:c
I5: if((ioptn.eq,1).or,(ioptn.eq.3)) then
16: call lsfiles('.prof',filenaifil)
17: if(ifil.eq.O) then
18: write(iw,'(alP))char(7)
19: call kystent("*** No data files exist, Press 'RETURN' to cv
F0: +eat* new file. **e",-1.,' ,outst,opst)
21: if((opst.eq.'backup').or.(opst.eq,'option')) goto 10
22: ioptnu2
23: goto 20
24: end If
25: write(iw,O)
26: call kyentor'(file numberu,O,1..real(ifil),O.,rnumopst)
27: ift(opstoeq,'optionl).or.(opst.eq.'backup')) goto 10
2a: inumenlnt(rnum)
29: end it
30: 20 if(lfileq.0) ifilel
31:c
32:c ****ee$ e For adding an environmental file the user is put into
33-c the vi editor. *aeo•eoo~ooee*eee*eoea.ooeeeoooooe*e4,es*
3 -c

35: iftioptneq.2) then
36: call systemtcp ,dprof dprot')37: call *yatem(1vI dproV')

38: open3PFlLEm'dprofl)
39: readt3(3(a80/),80)) (due,ltl,4)
40. read(3,(a141 filenailfil)
41: closet3)

42. call System(mv dprof .prof/'//filena(ifil)//char&0))
43-, *Is# iftioptn~oq.I) then
44: call systet're .prof1'//ftlvna(Inu&)//char(0))
4S- else
46: call *yates(1vi ,prof/'//#ilenstinuw)//char(0))
47, open(IFILE,*,prof/,//fillnaiinum))

48: raad(3,0(3(aSO/),agO),)(du*,ialo4)
49, rtad(3.'4a14)1)dumnlme
sot If(dumname.n*.fIler(Ilnum)) call oystem('mv ,prof/'//filena
S1: (inua)//' .prof/'//dumna&e//char(O))

62. c1o69(3)

$3: end if
S4- 10 return
S5: end
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I:c ***************** SUBROUTINE INITIAL ************
2:c
3:c Purpose: This subroutine calculates all the necessary constants
4:c and arrays for us* In actual ray trace calculations.
5:c
6:c Glossary:
7:c rplot Real value of the number of rays to be plotted.
8:c irplot Integer value of the number of rays to be plotted.
9:C forbid Angular region of unallowable ray traces.

10:c duct Flag indicating if the transmitter height is at
11:c a breakpoint.
12:C check Flag indicating if hmax is equal to any of the
13:c heights in the profile.
14:c rl Lower elevation angle in arad.
15:c rfirst Lower elevation angle in red.
16:c ru Upper elevation angle in arad.
17:c rlast Upper elevation angle in rad.
18:c ainc Incremental angle value for alpha array.
19:c alpha Array containing all initial launch angles.
20:c rinc Range increment.
21-:c rmetperdot Meters per dot on screen.
22.:c
23: c
24:c
25., subroutine initial(rlruirplot.ductforbid)
26:$INCLUDE lerrvar°
27, logical ductocheck
e8:c

29:c eeeieose. Convert lower and upper angles to radians and store in
30:c an array in incremental values corresponding to the number of rays t
31ic by plotted. e.ooeooo *.*ee,**e.e*...eee*eaeeeee.eeee

33: rfirst-rlol.e-3
34, rlasturuol. -3
3,: ainc-(rlast-rfjrst)/(irplot-1 )
36 angle(1)wrfirst
37; do iw2,1rplot
38: angle(i)-angle(i-1).ainc
39: end do
40. angle(irplot)nrlast
41: rinc-rmaii/S0.
42! sorw,02S.,Aix
43:C
44:c e....CCee Convert height and index array to soters and %-units
45:c if necessary. oi*e~ooeeeeeeeeoseooeooeeeeeeeee e eee
46:C
47 do inlilvl
48: if(hun.eq.'PF) then
49: h(i).orh(i)/3.280839
SO: else
SI: h(i)worh(i)
£2: end if
M3: iM(reun.eq.'N') then
S4: ai)eorm(1)/6.371
SS- *else
56: m(i)nors(i)
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S': end if
8e: end do

59: nlvl-ilvl
60:c
61:c ************ If the first height level is not 0. then an extrapola-
62:c tion is done to find the a-unit value at the surface. ************

63:c
64: if(h(1).ne.O.) then
65: nlvlunlvl+l
66: surfuh( 1 )/(h(2)-h( 1) )*(m( 1 )-.(2))
67: m(nlvl)u=(1)+surf
68: end if
69:c
7O:c ********** Each height level is checked to see if it matches the
71:c maximum height. If not, then the maximum height is included In the
72:c array and the m-unit value at that height is found. *ee***e***
73:c
74: checks.false.
75: do iul,ilvl
76" .f((h~i).le.hsax41.e-S)..nd.Ch(i).ge.hmax-1.e-5)) checkw.true.
77: end do
78: ift.not~check) then
79: nlvl-nlvl+l
00: h(nlvl)whsax
81: end if
82: C
83:c . .e..e..e..ee The array is sorted. e
84,c
es: do 10 imlnlvl-1
86: do 20 j-i+l,nlvl
87: if(h(j).gt.h(i)) gOtO 20
a8: dumwh(U)
89: h(1)uh(J)
90: h(j)mdus
91; dummui( )

93: ft j)-duta.

94! 20 end do
95. 10 end do
96:C
97:c *eeooeoee0e If HMAX it betwe*n two height levels then the a-unit
98:c value is found at HMIAX. *.eoee•eoe.eeoeooeeoeeee.eoeeeeeee
99:C

100: !t-haax.ne#h(nlvl)) then
101: do )*Inlvl
102: l t 'i(J).eo.P.t;e.a) then
103: beetnthJ)-hcj-ll)/(h(js1)-hiJ-1))euacJ.)-m~j-1))

;• " I104 :.J)a~- +e

IOS: end if
106: end do
107:c
10-:C *oeeee The gradient at each level is calculated and stored. **e*so
109:C! I 0: else
111" 'ilntm(h(nlvl )-h(nlvl-1 ))/(h(nlvl-1 )-h(nlvl-2) )eCmtnLvl-1 )-

112: * l(nlvl-2))
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113: m(nlvl)nm(nlvl-1)+rint
114: end if
115: do i-l,nlvl-1
116: dudh(i)u(m(i41)-m(i))/(h(i+l)-h(i))e1.e-3
117: if(ABS(dmdh(i)).lt.le-6) dmdh(i)w1..e-6
118: end do
119: rmetperdoturmax/390.
120:c
121:c .*****e The transmitter height is checked to see if it is
122:c at a breakpoint. If So, the unallowable angular range is
IE3:c calculated. .******.****.********************.,...***********

124:c
12,5: forbid=O.
126: duct-.false.
127: do i.1,nlvl
128: if((h(1).l..ht+l.e-6).and.(h(i).ge.ht-le-6)) then
129: if((dmdh(i-1).gt.O.).and.(dmdh(i).lt.O.)) forbids
130:, SQRT(-2.e-3*dmdh(i)*raetperdot)
131: end if
13a: end do
133: if(forbid.nh.O.) ducts.true.
134: return
135: end
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1:c
2:c ****************. SUBROUTINE INTERPOL *************************
3:c
4:c Purpose: This subroutine checks if a transition from one color
5:c to the next has been reached.
6:c

8:c
9: subroutine interpol(dif_2,rng_2,hp_2,rng,hyt,hu.2)

10:SINCLUDE 'errvar'
11: save dif 1,rng_l,hp_lhs_u
12: if(frst) then
13: dif.lmdif_2
14: rngl-rng_2
1S: hpl1hp_2
16: hs..luhs-
17: goto 10
I8: end if
19: if((erropt.eq.'a').or.(erropt.eq.'A')) then
20: if([(dif-1.le.aber).and.(dif_2.gt.aber)),or.((dif_2le.aber)
21: + and.(dlf_1.gt.aber))) then
ea: call int(dif-l,difP,rng_l,rng_2,hpjthp_2,rnghyt,aber)
23: eIs*e l(t(dif 1,.eaber).and.(di 2.gt.2.eaber)).or.
24: + ((dif-S.le.2.*aber).and.(dtfl.gt.2.*aber))) then
25: call lnttdtf-l,dif_2,rng_1,rng_2,hp_1,hp_2#rnghyth2.*aber)
26: -l0e lf(((dit-1,le.3.eaber).and.(dif.2.gt.3,eaber)).or.
27: + ((dlf_2.1e.3.*aber).and.(dift.gt.3.baber))) then
a8s call lnt(dif-t,d1f_2,rngtrng_2,hp_l,hp_2,rng,hyt,3..aber)
29: ,lse lf([(dif,.1,le,4.*aber).and,(dlf_2.gt,4.eaber)).or.
30: + ((dif-2.le.4.*aber).end.(dift.gt.4.*abeor)) then
31: call tnt(dit-t1dif_2,rngl,.rng2,hp_.,hp_2,rng,hyt,4.*aber)
32 else it(((dift.e.S.*aber).and.(dif_.gt.S.*aber)).or.
33: + ((dif_2,e.5,eaber),and.(dit1.gt.eaber)fl then
34: call int(dif_1,dlf_2,rng_1,rng_2,hp_.,hpZ,rng,hyt,Seaber)
3S: else if(((dif_!.le6,,*aber).and,(dlf_2.gt,6.*aber)),or.
36: + ((dif_2.1e.6,'aber),and.(dtf_t.gt.6,*abev))) then
37: call int(dif~ldif_trnglrng_2,hpl,hp_2,rng,hyt.6,eaber)
38: end if
39: else if((.rropt.eq,'p').or.(e*ropt.eq.'P')) then
40: if((hsl .ewO ).or.(h...8eqO,) then
41: hill1.
42: h!_.ah,
43. end if
44. perc_1-(dif_1/hs_1)e*10.
45: porc-2u(dife/h%_2)e1O0.

46: if(((perc_1.le.per).and.fperc_.,gt.per)).or.((perc_2.le.per)
47: , .fnd.(porc_1.gt,po)) then
48: Zall int(perc_l,perc_2,rngt,v'ng_,,hpj ~hp,2,rng,hyt,per)
49: else if(((percl~le.2,per).and.[perc_2.gt.2..per)).or.
SO: + ((perc_2e.2..per).and.(perc.1.gt,.sper))) then
51: call int~porcl,perc_erngt,rng_2,hpl,hpgrng~hyt,2.*per)
set #@el lf(i(perc_1.le.3.eper).and.(perc_2.gt.3.eper)).or.
53: * (perc_2.1e.3..per).and.(perc_,gt.3.spern)) then
54: call int(perc l,perc_2,rng_!,rng_2,hpl,hp_2,rng,hyt,3..per)
SS: #lue if(C(perc_ .le.4.*per).and.(perc_2.gt.4..per) ).or.
56: + ((Perc_2.le.4.oper),and.(perc¶ .gt.4.per))) then
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57: call £nt(perc_l,perc.•,2,rng.,rng_ghp_lhp_2,rng~hyt,4.*per)
58: else ifl((perc_1.1e.S.*per).and.(perc. .gt.5.*per)).or.
59: + ((perc.2.1e.S.4per).and.(perc_l.gt.S.*per))) then
60: call int(perc1lperc_2.rng_1,rng_3,hp_l,hp_2,rnghytS.*per)
61: else if(((psrc 1.1l.6.*per).and.(perc_2.gt.6.*per)).or.
62: + ((perc_2.le.6.*per).and.(percl.gt.6.*per))) then
63: call tnt(percl,perc_2,rng l,rng_2,hpl,hp_2,rnghyt,6.*per)
64: end if
65: end if
66: dif_lndifZ2
67: rng_lurng_2
68: hpljhp_2
69: hse1"hs_2
70: 10 return
71: end

72:c
73:c *******s*e*'** SUBROUTINE INT ****.o***.s...Co,*****o
74:c
75.c Purpose: This subroutine interpolates the trmnsition froe one
76:c height error increment (color) to the next.
77:-c
78: c
79:c
80: subroutine int(du._1,duem_,rng_1orng_2,hpjt,hp_2,rng~hy4,ftdit)
81: rinm(fxdif-dua-1)/(duS_2-duS t)*(rng'2-rng'lI)
82: rng-rngljrin
83: hin-(rng-rngt)/f ng_2-rng.) (hp_2-hpt)
84: hytahpl~hin
85: return
86: end
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l:c **ee.**** Subroutine LSFILES produces a two-column list, preceded
2-c by a number, of all data files stored in directory 'DIR'.
3-C The maximum number of data files 46. *ee ee*e*..ee. *e...
4:c

6:c
7:c Glossary:
8:C ifil Counter for number of files in directory. Will be
9:c zero if no files in that directory.

I0:c ire One-half of ifil to print out on screen a two-column
11:c list of filenames
12•c name 46 element array - stores filenames
13-c
14: c
15-c
16: subroutine Isftles(dir,name, ifil)
17: charactere14 name(46)
1$: charactero(e) dir
19: call system('Is '//dtr//')Qdatafileso*//char(O))
20: opent1,FILEu'@datafills@')
21: ifilaO
2: do )"1,46

23. readtl.,(&i4)',ENDnl0)n..e(j)
24: ifilatfil*t
a C Z end do
26: 10 continue
27: closei()
28: ireanint(ifil/e.)
29: do j.1,lre
30: i?(Cuod(if8l,).nO.and.eq.ire)) then
I1 I w ite*16.(i2,3it. -%4)*) nowei|)

32 else33: write(6.A12.3,etG4.tOx~i2,3x~al4)' )j.nase(Ji,j~ire.
34: nasecj~ive)
3$: end if
36. end do
37 call tystea(lre *datafilo.9')
386 return
39' end
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1:c
2:c . e.*eeee*s SUBROUTINE PUTIN e********$**************
3:c
4:c Purpose: This subroutine puts in all user information into a file
S:c for later retrieval. This allows the user to run a
6:c second display for the same profile (with minor
7;c changes if so desired) without going
8:c through each prompt again.
9:c

10-c
11:c
12: subroutine putin(rl,rutirplot,filvarfun)
13: include 'errvar'
14: characters3 fun
IS: opeo(2.FILEw'usin')
16: if((erropt.eq.1a').or.(erropt.eq.*A')) then
17: filvar-aber
18: else
19: filvar-per
20: end if
21: ctll kyread(7.fun)
22. wr1t#C(2'(2QSx,e* USER INPUT PARAMETERS 60-)')
23: urite(2,*)
24: write(Z,'(Sx,0You are now in I'vi", It there ore any changesO,
25: *0 desired use "'vil commands")')
*216,riteC20'(SmVfo editing. Emit by typing "Z21".6)')
2Z: Write(2,e)
28: vieae

29' if(fu.eq.'fp') then
30: write2,•(fO.I0x.'; fatieus height for display in feet))
31: hoot*3,200831
32ý writtle,'(f4.0,13v.,j axismus range for display in nhi))
33: * rpa./t.#5318
34ý rtt.(2.'(f60,Ile,'J Antenna height in feet0)')hte3-280839
3S oese
36: urioe(2,([f7 .10 I li isu•s height ftr display in uevtr*o)')
31. * haEs

38. #rate(2,t4 Oa , liamus range for display in kms)')
39, * roao
40: urlt.'2,'(f6.0.13m,,1 Antenna height in *.tersP)ht
41: end if
42 ite,'(t5.O,12uJ Lower elevation angle (*rad)')1)rl
43. writv(2.(tf.0.,v1.IJ Upper elevation angle (Ard)lt)ru
44- vritef2.*(i4,13a.0j Number of rays to be plotted (integer)O)')
45: +irplot
S4ritel2,(i6,1 J A or P -- Absolute or Perce*nt error*)')erropt
47: wr-tef2,.(I1,16a.I 1 - graph ; - numbers ! for profile printout
48ý + (integ*r)r)')iptoprint
49. write(9,*)
50: fritu(2 0eele Fill in only the line that applies. s*e)')
SI: urito(2.0)
52: if(Cerropt.eq.'a').or.:erropt.eq.*A')) then
53: if(fuA.e4.'fps'} then
54: 1t.(2,(f.,12.'j Error incre*ent in Feetb)')
55: * filvare3.•A0839
56: else
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S7: wrLte(2,'(fS.0,12x,"I Error increment in meters")')filvar
5e: end if
59: write(2,'(17x,"I Percent error increment")')
60: else if((erropt.eq.'p').or.(erropt.eq.'P')) then
61: write(2,'(17x,"I Error increment")')
62: write(2,'(f3.0,14x,"1 Percent error increment")')filvar
63: end if
64: close(a)
6F: call rdffl(rl,ru,irplot~filvar,fun)
66: return
67; end
68:c
69:c ********************** SUBROUTINE RDFFL *********************
70:c
71-:c Purpose: This subroutine reads all user input parameters from

S(2:c file.
73:c
74-.c
75:c
76: subroutine rdffl(rl,ru,irplot,filvarfun)
77: include 'errvar'
78: character*3 fun
79: character*80 dum
80: call system('vi usin')
81: open(2CFILE = 'usin')
8: read(2,'(5(a80/),a8O)'j(dum,i-1,6)
83: read(2, ((f7.0/),(f4.0/),f6.0)')hmax,rmax,ht

85: +÷pro prinx
86: if(Fun.eq.'fps')then
87: hmax=hmax/3.e80839
8a: rmaxwrmax*1.85318
89: htuht/3.280839

90: end if
91: read(2.'(2(aSO/),aSO)')(dumi=1 ,3)
92: if((erropt.eq.'a').or.(erropt.eq.'A')) then
93: read(2,'(f5.0)')filvar
94: aberufilvar
9S: if(fun.eq.'fpi') abormaber/3.280839
93: else if((erropt.eq.'p'),or.(erropt.eq.'P')) then
97: re~d(2,'((a80/),fS.0' )dumfllvar
98: per=Filvar
99" end if

100: close(e)
101: do J=1,3S
102: h(j)wO.
103: m(J)=0.

* 104: dmdh(j))0.
105: end do

106: do jul,300
107: angle(o )=.
108: end do
109: veturn
1101: end
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¶1:c .******************** SUBROUTINE READDA **a***s****************

3:c Purpose: Subroutine READDA reads environmental data from data
4:c files the user specifies.
5:c
6:c Glossary:
7:c
8:C profile Character arrau containing environmental data
9:C filerames.

10:c ipick Counter for "profile" array indicating number
11:c of environmental data file.
12:c

14:c
15: subroutine readda(ipick,profile)
16:$INCLUDE 'errvar'
17: character*14 profile(SO)
18: charactvcr*60 dum
19:c
;0:Mc **4***-*a**** Open data filo; read dmta .**********e******
21;:c
22: open(1OFILE-'.prof/*//profile(ipicfl)
23: read(1O,'(3(a8O/),aSO)')(duaoiu1,4)

•S• read(lO, '(4(a8O/).a8O) )(dus, irni,S)

26: ilvlnO
27:C
28:c *.*e,*e*eesee,..e Read H and M arrays. **~5oe*,e*e*##e***eeeee
29:c -

30: do 1=1,33
31' lf(reun.#q.'f1') thenS32: readf10,'AfT7t,5g,f$.1 )ENOa.O)o~h(i}cOrs(i).

35: end if

36' ilvlmilv1+1
37, end do
38' 10 continue
39 cloSe(O)
40: return
41: end
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1 :c s**e**~**eee SUBROUTINE REGULAR************
2:c
3'c Purpose: This begins the main calculations of the program. It
4:C does not allow rays to be traced within an angular limit
5-c if the transmitter height is at a break point.
6:c
7:c Glossary.
8-c
9'-c duct Logical flag indicating if the transmitter height is
10:c at a break point.
t11-c irplot Number of rays to be plotted.
12:c alpha Beginning angle.
13,.c fixang Initial elevation angle currently being used.
14;c ii Counter.
¶s:c hbef Beginning height.
16:c rbof Beginning range.
17:c forbid Rays ar'e nrt traced in this angular range.
1.8;c
19 :c **************4******************
Mc

21: subroutine regular(irays,duct~forbid~ix)
22: include '/usr/irclude/starbast-fE.h'

23: include '/usr/includ9/starbaso.F1.h'
P431lNCLUDE 'errvar'

2-R. logical duct
Wc

27:c *e~ee*e*eBegin main loop. .ee*S**e***O*b**C
M8c

29q: do ikat.irays
30: frstw~true.
31: if(plot)frstimvw.tru*.
32: if(tm.n9,l) then
33: mvflmwfalse,
34: *Is#
3s; if(plot) then
36. mvfln.tru#.
37t else
30: if(f7e9q.'fpf') then
39" call movf2d~files,0..hT*3.280839Va
40: #let
41: call move2d(fildes.0.,ht)
42: end if
43:, end it

*44: end if
4S~c
46:c ***teee Initialize variablet for ray tracing,*oee~ee
47:;C
48: IF(Plot) call start(ik,ix)
49: alphomanglt(ik)
go: fikangwangl,(ik)
51:'ij01
S2: hbefnht

S3. rbefwg.
S4.c
~55 **'. *e Check iP' transmitter is at a breakpoint. If so, skip
S6:C- angles within forbidden rang. e..*..eeee**eeee..
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57:c
SS: if(duct) then
59: if(ABS(alpha).le.forbtd) then
60: rpmrmax
61: call line€colorindex(fildes,1)

62: if(f7.oq.'fps') then
63: call draw~d(fildesrp*.5396117,ht*3.280839)
64: else
65: call draw2d(fildos,rpht)
66: end if
67: got* 50
68: end If
69: end if
70:c
71:c *********** If initial elevation angle is negative then call routine
72:c for down-gotng rays. If it is positive, then call routine for up-
7 3:c going rays. If it'is 0 then call routine to check on the value of
74:c the gradient.
75 z c
76: 30 if(alpha.eq.O.) then
77; call zero(alphahbeftij,.'rbtk*,rphpfixang)
78: else if(alpha.gt.O,) then
79: call up(alphahb*f,Ij,rbef rp,.hpfixang)
S0: else
81: call down(.alpha,hbef,ijrbe_-f-rgýhp,fixang)
82: end if
83: if(hp.eq.h(1)) goto SO
84; 1f((rp.lt.rmax). ad.ihp.lt.haaK).- goto 30
as: 50 continue
86: end do
87: return
88: end
89-c"-

90:c *seaome*es***eoe**a*oesoevSUOROUTINL SEVEN esoeeeeoeeee.e.eb.
91 :c "'

MC:• Purpose: This routin* porformt#tht rov-tiacing procedure 7 times
93-•c (once for each slor)** ase 16 plotting onto the
94:C graphics plotte•,

97tc
98: subroutine seven(irays,duct.,forbld,ix)
99:INCLUOE .orrvar'

100: logical duct
101: do im-l,7
1O0: ivflatruq,
103: call regularfirays.,duct,forbid.ix)
104: #nd do
IOs: return
106: end
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I:c *****e*************** SUBROUTINE STEPFIXSCR **********************
2:c
3:c Purpose: STEPFIXSCR defines the color scale for plotting height
4:c and range onto the screen in the correct color.
S-c
6:c Glossary:
7:c
8:c percerr Percentage error between height of non-standard
9:c atmosphere ray and height of standard atmosphere

10:c ray.
11:c rng Interpolated range between color transitions.
-12:c hyt Interpolated height between color transitions.
13:c

•mm14:C c ***o**u***********t *****et*b*e*tb***m********#**,***********4**•***

15:c
16: subroutine stepfixscr(hdif,hs,rp,hprng,hyt)
17: include '/usr/include/starbast.fl.h'
18: include '/usr/include/starbase.f2.h'
19:SINCLUDE 1errvar'
E0: if(rng.ne.O.) then
21: lf(f7.eq. fps') then
22: call drawid(fildes,rng/1.SS318.hyt*3.880839)
23: else
M4: call drawid(fildesrng,hyt)
aS: end if
86: end if
27:c
28:c e.ee..ee Define color scale for absolute height error, *eeeee
2 -c

30: if((erropt.eq.&al),or.(erropt,eqA')) then
31: if(hdif.loeaber) then
32: call linecolorindeK(fildes%1 )
33ý else if(uhdlf.gt.aber).and,(hdifle),..aber)) then
34, call line-colorindet(flIdes 3)
35ý else if((hdlt.gt..esbor).and.(hdif.1e,3.,aber)) then
36, call linecolorindw(fildes,4)
37! else if((hdif.gt,3.'eber),and.(hdU'.le.4.,aber)) then
38: call line-color-indeo(fildesS)
39. else if(shdlf#gt.4aber),anc,(hdif..e.eaber)) then
40: call line-color-indox(Fildes.6)
41- else 1 ((hdit.gt.S.eaber),and. hdifle.,G.*aber)) then
42, call line-color-Index(fildes,T)
43. else if(hdlf.gt.6.eaber) then

* 44! call Ilne colorLndex(fildesZ)
45: end it
46:c
47:c **o'o*oot*e Define color scale for percentage height error. **so.*e#

48,c
49ý else ir(,rropt.eq.'p').or.(erropt.eq 0pm then
SO: if'ho.eq.1.) then
St: percerrm00.
52: else
53: pircerrt(hdif/h*)*lO0.
54: end if
SS: 1f(percerr.Xe.per) then
56: call linecolorindex(fildes.1)
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57: else if((percerr.gt.per).and.(percerr.le.2.*per)) then
S • 5S: call linecolor-index(fildes,3)
59: else if((percerr.gt.2,*per).and.(percerr.le.3.*per)) then
60: call Iinecolorindex(fildes,4)
61: else if((percorr.gt.3.*per).and.(percerr.le.4.*per)) then
62: call line color index(fildes,5)
63: else if((percerr.gt.4.*per).and.(percerr.le.5.*per)) then
64: call line_colorindex(fildes,6)
65: else if((percerr.gt.S.*per).and.Cpercerr.le.6.*pre)) then
66: call lintcolor_index(fildes,7)
67: else if(percerr.gt.6.*por) then
68: call linecolor-lndex(fildes,Z)
69: end if
70. end if
71: if(f7.eq.'fps') then
72: call drawed(ftldes,rp/1.8S318,hp*3.280839)
73: else
74: call draw~d(fildes,rphp)
75-: end if
76: return
77: end
78:c
79:c C SUBROUTINE RENEW e.ee. *eeee... ,,
80:c
81:c Purpose: RENEU re-initializes arrays used in ray tracing.
82:c
83 c *e..e~e.*.*st•tee~ee~e~meses ee.e.eee~eeeeae~eeeeeeee..ee.eeeaee~eee .

84,:c
85: subroutine renew
86:$INCLUDE lerrvar"
87: do j=1,35

,9k h())00,

90: m(j)-O.
91. end do
92: do J01,33
93; orh(j)-O.
94. orm(jIMO,
95: end do
96, do j0I,300
97, 4n0le(j)MO.
98: end do

99. return

100. end
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It:c SUBROUTINE UP eeeee..se.*s.**see ****e
2:c
3:C Purpose: This subroutine performs a ray trace for up-going rays.
4:c

6:c
7: subroutine up(alphahbef,.j.rbef~rp,hp,fixang)
8: include '/usr/tnclude/starbase.fI.h'
9: include '/usr/include/starbase.f2.h'

10:$INCLUDE 'errvar'
11:C
12:c :**eSeeee* Begin at transmitter' height and calculato until the ray
13:c reaches a maximum or maximum height. *$****$***eo*•$.*~*$$t*.***

14:c
15: do while((ij.lt.nlvl).and.(alpha.ge.O.))
16: rpurbef+rinc
17: if(rp.ge.rmax) goto 20
18: alphapwalph&+dadh(iJ)*(rp-rbef)
19:c
20:c ****soe** If the ray reaches a maximum then set ALPHAP to 0. and
21:c calculate height end range. Call DOWN. e.*.seeo~eeae$ee$$$$$

- --• i 2: c
23: Mf(alphap.le,0.) then
24: alphapaO.
a5s rpwrbof-*lphs/dmdh(4j)
26: hpmhbef-#lphaee2/2,e-3/dmdh(ij)
27: end if
28: hpuhbef+Calphapeee-alphaoe2)/2.e-3/dmah( i)
W ifMhp.gt.h(ij+l)) then
30: hpuh(ij+I)
31: radualphleea*t .e-3edmdhlij))(hp-hbef)
32:c
33:c **,***If the ray reoches a maximum tien set ALPHAP to 0. and
34:c calculate height and range, Call DOUN, *ee.eeeee.e...s

36: if(rad.le.,0 then
37: alphapwO,
38: rpmrbef-alpha/dmdh(Ij)

19: hpuhbeV-alpha..2/2,e-3/dldh( ii)

40 else
41: alphapuS•RT-rad)
42: rpuvbef*(alphap-a&ljaia/dmdh( ij)
43: end if

* 44: LJuiJ.1
45. end if
46: go((tp*ge rma).or.(hp0geha.)l gotO 10
47 c
48:t *Oeet0ee*0 Call GTAND to determine hoight of ray for standard
49,c atmosphere at same raige. *Ooqooeeoo***e**eooee*9oaee*5ee
SO.-C

S1: call stand(fixangrt,,h>'
SE: hbefshp
53: rbeforp
S4: alphawalph*p
SS; iflalpha.ua.0.) goto 10
5 : lend do
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S7: 10 lf(ij.eq.nlvl) ij-nlvl-l
58:c
59:c $**$$$*$$$. If ray is calculated past the maximum height, then set
60:c HP equal to HMAX and calculate range at exactly the maximum height.
61:C
62: if(hp.ge.hmax) then
63: hp-hmax
64: alphap-SORT(alpha*$2 + 2.e-3*dmdh(ij)$(hp-hbef))
65: rparbef+(alphap-alpha)/dmdh(ij)
66: if(rp.ge.rmax) goto 20
67: call stand(fixang,rp,hp)
68: end if
69:c
70:c $**$$.e$e If ray reach** beyond maximum range then calculate height
71:c at exactly maximum range. *$$$*$***$** $**********$e******e****e
72:c

73: 20 if(rp.ge.rmax) then
74: rpormax
75: alphapvalpha~dmdh(ij)$(rp-rbef)
76: hpuhbef+(alphap*$2-alpha$E8)/2.e-3/dmdhcij)
77: call stand(fixang,rp,hp)
78: end if
79: return
80: end

-- - -- I. '-~ ** - -
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1 :c *********** SUBROUTINE ZERO **************
2:C
3:c Purpose: This subroutine determines which subroutine will be
4:c called when a ray reaches a maximum or minimum. If
S:c a ray reaches a maximum, then depending on the value
6:c of the gradient, DOWN is called. Likewise, if a ray
7:C reaches a minimum, UP is called.
8:c

10:c
11: subroutine zero(alpha,hbef,ij,rbefrphp,fixang)
12:$INCLUDE 'errvar'
13: if(dmdh(ij).lt.O.) then
14: call down(alpha.hbef,ijrbeftrp.hp,fixang)
IS: else
1I: call up(.lphahbeq,ilrbefrphpPixang)
17: end if
IS: return
19: end
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